ABSTRACT Immunoglobulin G4-related disease (IgG4-RD) is a multisystem, fibroinflammatory condition unrecognised in medical science until the last decade. It is characterised by progressive scarring and dysfunction of affected organs and tissues including the pancreas, hepatobiliary tree, kidneys, salivary glands, retroperitoneum and lungs. The diagnosis is made with the presence of numerous IgG4 positive plasma cells within a histologically-distinct chronic inflammatory process; most patients also have elevated serum IgG4. Though early cases were all identified in Japan, subsequent reports clearly demonstrate that IgG4-RD exists worldwide. There are no data confirming the prevalence of IgG4-RD in the West but it is thought to be very rare. Limited awareness of the condition and its heterogeneous presentation frequently results in misdiagnosis. Prompt and correct diagnosis is critical, as a rapid reversal of even advanced disease is often seen with corticosteroid therapy. We present three cases that illustrate some of the typical features of this condition. 
CASe 1
A 67-year-old man presented with a progressive decline in kidney function; serum creatinine rose from 73 µmol to 346 µmol (n=60-120 µmol) between 2010 and 2012 ( Figure 1A ). Previous medical history included recent onset type 2 diabetes mellitus (HbA1c <7% -diet controlled), kidney stones and colorectal adenocarcinoma, treated with an anterior resection complicated by pseudomembranous colitis. Physical examination demonstrated evidence of previous colorectal surgery but no other medical condition of note. The clinical features are summarised in Table 1A. A urine dipstick test showed protein++ and blood+++. The urinary albumin:creatinine ratio was 3.7 mg/mmoL (n=0-2.5). Urinary Bence Jones protein, plasma electrophoresis, serum calcium and liver function test (LFTs) results were normal. Immunological investigations are summarised in Table 1B. An abdominal ultrasound scan (USS) showed a nonobstructive left renal calculus. A biopsy of the left kidney was performed; the histological findings were consistent with IgG4-RD associated nephropathy, with coincidental clinically-insignificant mesangial immunoglobulin A (IgA) disease ( Figure 1A ). 1 This diagnosis was supported by significantly elevated serum IgG4 with otherwise normal IgG4 subclasses (Table 1B) . Given normal LFTs and no significant pancreatic symptoms, the diagnosis of diabetes was felt to be unrelated to IgG4-RD.
Prednisolone 40 mg once daily (0.5 mg/kg/day) was commenced and the serum creatinine fell from 408 µmol to 251 µmol within four weeks ( Figure 1A ). Gradual steroid reduction in 5 mg increments per fortnight began after eight weeks; dialysis was not required.
CASe 2
A 55-year-old man presented with malaise, dyspepsia, weight loss (7 kg), dry eyes, intermittent cramps and pruritus. Previous medical history included chronic sialadenitis of the right submandibular gland and two pulmonary emboli (the patient was on life-long warfarin). He took no other long-term medications. His blood pressure was 131/83 mm Hg. A full physical examination was unremarkable. Urinalysis showed traces of blood and protein; the urinary protein: creatinine ratio was 122 mg/mmol (n=0-15). The serum creatinine was 716 µmol (estimated glomerular filtration rate [eGFR]=7 mL/min/1.73m
2 ). C-reactive protein was elevated at 22 g/L (n=0-5) and he was anaemic with a haemoglobin (Hb) of 106 g/L (n=130-180); haematinics, LFTs, calcium, phosphate and albumin were all normal and neither serum paraproteins nor A renal biopsy showed significant fibrosis, plasma cell and eosinophil-rich interstitial nephritis consistent with IgG4-RD nephritis, supported by a raised serum IgG4 (Tables 1A/1B) . A retrospective analysis of previouslyresected submandibular gland tissue also demonstrated IgG4-related disease. The patient's serum creatinine fell rapidly following the commencement of prednisolone 60 mg/day (716 to 386 µmol within two weeks. Figure 1B ). Steroids were subsequently withdrawn and stable, moderate chronic kidney disease (CKD) was treated with 100 mg/day of azathioprine.
FIguRes 1a aND 1b
Graphs showing serial serum creatinine measurements (µmol Y-axis) over time (year, X-axis) for case 1 (upper graph) and case 2 (lower graph). In each graph arrows indicate the time that corticosteroid therapy was commenced. Electron microscopy showed mild expansion of mesangial matrix with some wrinkling of capillary walls but no electron dense deposits in the planes of section. It was concluded that the mesangial IgA identified was incidental to the clinical presentation, and not associated with metrics of significant glomerulonephritic activity or attributable lesions of chronic glomerulonephritis. Similar features (except IgA nephropathy) seen in the biopsy from Case 2.
FIguRe 2a
Representative imaging in IgG4-RD pancreatic/ biliary disease. Computed tomography scan of the abdomen demonstrating a 'sausage' pancreas with surrounding hypoechoic rim, classical features of IgG4-RD/autoimmune pancreatitis.
FIguRe 2b
Magnetic resonance cholangio-pancreatography (MRCP) cholangiogram demonstrating multiple strictures throughout the biliary tree. head and uncinate process, gallstones and biliary dilatation with retroperitoneal fibrosis and cortical enhancement of two unobstructed kidneys. On endoscopic USS, appearances were strongly suggestive of an autoimmune pancreatitis (AIP) and magnetic resonance cholangiopancreatography (MRCP) demonstrated an atrophied pancreas with an irregular pancreatic duct and a common bile duct stricture (Figures 2A-C) . A percutaneous pancreatic biopsy showed features consistent with AIP ( Figures 3A and B) . Serum IgG4 was markedly elevated with normal or only mildly elevated IgG1-3 subtypes (Table 1B) 
diSCuSSion
The cases we have presented demonstrate many typical clinical manifestations of IgG4-RD including AIP, 1 sialadenitis (Mikulicz's disease), 2 parenchymal kidney disease 3,4 and retroperitonal fibrosis. 5, 6 A comprehensive list of frequently affected organs is listed in Table 2 . The diagnosis is based upon end-organ dysfunction due to a distinct form of chronic inflammation and elevation of serum IgG4 (>1.35 g/L). The characteristic histopathological features are a marked lymphoplasmacytic infiltration, storiform fibrosis, occlusive venulitis and increased IgG4+ plasma cells ( Figures  3C, D, E and F) . In recent years, consensus diagnostic and management guidelines have been developed. [7] [8] [9] There are several detailed reviews of this condition covering many clinical and biological aspects of IgG4-RD. [10] [11] [12] [13] [14] [15] [16] [17] Immunoglobulin G4-related disease causes significant morbidity due to direct organ damage and indirectly by misidentification as malignancy. The AIP mimicry of pancreatic cancer is particularly problematic and, historically, accounted for approximately a quarter of the cases of non-malignant pancreatic mass lesions removed using Whipple's procedure. 18 The identification of serum IgG4 as a discriminating factor for IgG4-RD has aided diagnosis, though raised IgG4 alone should not be relied upon; 9,18-21 confirmatory tissue diagnosis is usually required.
The majority of reported cases of IgG4-RD are in Japanese patients, though it is unclear whether this reflects greater prevalence or better recognition of the condition in Japan. 22 However, it has become clear that IgG4-RD is neither confined to Japan nor patients of Japanese origin but affects patients around the world. 3, [23] [24] [25] [26] [27] [28] [29] Epidemiological data come largely from a single Japanese study of AIP which described a male:female ratio of 2.85:1, peak age of onset of 61-65 years old and an estimated prevalence of 0.82 per 100,000 adults. 30 There is no reliable estimate of prevalence in the West, however it can be seen in comparison with other better known conditions (the prevalence of Hodgkin's lymphoma and amyloid A [AA] amyloidosis in Western Europe for example are 0.5 and 1.0 per 100,000 respectively). 31, 32 The disease is a direct cause of significant damage to affected tissues 3, [33] [34] [35] [36] but it is usually highly responsive to steroid therapy. 37 Standard therapy is prednisolone 0.6 mg/kg induction treatment for two to four weeks, reducing by 5 mg increments every one to two weeks. 38 The efficacy of corticosteroids in even advanced cases of IgG4-RD kidney disease is well-established and rapid response to steroid therapy can help to establish the diagnosis. 3, 4, 27, [39] [40] [41] [42] [43] Second-line immunosuppression using 
SummARy
1. IgG4-RD is a multisystem disorder affecting many organs but with a preponderance for glandular tissues. 2. Older males are most often affected. 3. Serum IgG4 is a useful diagnostic marker but tissue or radiological evidence is usually required before treatment begins. 4. Corticosteroids are almost always the first-line therapy. 5. Even very advanced cases are frequently responsive to corticosteroid therapy.
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clinical azathioprine, 44 mycophenolate mofetil, 45 bortezomib (a proteasome inhibitor with cytotoxic effect against plasma cells) 46 and rituximab (a monoclonal antibody against the CD20 protein) 47, 48 have been described.
We believe that clinicians in a wide variety of specialities are probably encountering, but perhaps not always identifying, cases of IgG4-RD. We acknowledge the inconsistencies in immunological testing in our own cases, and believe that this highlights the need for a more uniform diagnostic approach across specialties. We hope this report will help to raise awareness of an underrecognised, serious but treatable condition.
